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ABSTRACT
The source IGR J17200–3116 was discovered in the hard X-ray band by INTEGRAL. A
periodic X-ray modulation at ∼326 s was detected in its Swift light curves by our group
(and subsequently confirmed by a Swift campaign). In this paper, we report on the analy-
sis of all the Swift observations, which were collected between 2005 and 2011, and of an
∼20 ks XMM–Newton pointing that was carried out in 2013 September. During the years cov-
ered by the Swift and XMM–Newton observations, the 1–10 keV fluxes range from ∼1.5 to
4×10−11 erg cm−2 s−1. IGR J17200–3116 displays spectral variability as a function of the
pulse phase and its light curves show at least one short (a few hundreds of seconds) dip, dur-
ing which the flux dropped at 20–30% of the average level. Overall, the timing and spectral
characteristics of IGR J17200–3116 point to an accreting neutron star in a high-mass system
but, while the pulse-phase spectral variability can be accounted for by assuming a variable
local absorbing column density, the origin of the dip is unclear. We discuss different possible
explanations for this feature, favouring a transition to an ineffective accretion regime, instead
of an enhanced absorption along the line of sight.
Key words: X-rays: binaries – X-rays: individual: IGR J17200–3116 – X-rays: individual:
CXOU J172005.9–311659 – X-rays: individual: 1RXS J172006.1–311702.
1 INTRODUCTION
The source IGR J17200–3116 (Revnivtsev et al. 2004; Walter et al.
2004) was discovered in 2003 during a survey of the Galac-
tic Centre region with INTEGRAL. The hard X-ray (18–60 keV)
flux of IGR J17200–3116 was ∼1.6 mCrab, roughly correspond-
ing to 1.4 × 10−11 erg cm−2 s−1. Revnivtsev et al. (2004) and
Stephen et al. (2005) pointed out that this new INTEGRAL source
was the counterpart of the soft X-ray ROSAT point source
1RXS J172006.1–311702. Masetti et al. (2006) proposed an opti-
cal counterpart with a narrow Hα line and reddened continuum,
suggesting a high-mass X-ray binary (HMXB) system. The associ-
ation was fortified by Tomsick et al. (2008), who obtained a refined
Chandra X-ray position.
More recently, our team reported on the discovery of a co-
herent modulation of the X-ray emission of IGR J17200–3116 at
a period of ∼326 s (Nichelli et al. 2011). The signal was detected
in a run of the Swift Automatic Timing ANAlysis of Serendipi-
tous Sources at Brera And Roma astronomical observatories (SA-
TANASS @ BAR) project. SATANASS @ BAR consists in a sys-
tematic Fourier-based search for new pulsators in the Swift X-ray
⋆ E-mail: paoloesp@iasf-milano.inaf.it
data.1 So far, about 4000 X-ray Telescope (XRT) light curves of
point sources with a sufficiently high number of photons (&150)
were analysed and the effort yielded six previously unknown X-
ray pulsators (including IGR J17200–3116, two other new pulsators
were reported in Nichelli et al. 2009).
The original detection of the period of IGR J17200–3116 oc-
curred in a couple of Swift consecutive observations performed in
2005 October 26–27. After that, more Swift observations were car-
ried out between 2010 October and 2011 May to characterize bet-
ter IGR J17200–3116. The period measured during the new Swift
campaign was slightly longer (∼328 s; Nichelli et al. 2011, see also
Section 3.1), indicating that the modulation reflects almost certainly
the spin of a neutron star. Here we give more details on the Swift
observations and we report on a 20-ks long XMM–Newton observa-
tion of IGR J17200–3116 performed on 2013 September 19, where
we discovered an evident dip (a flux drop). While in low mass X-
ray binaries these features are usually due to obscuring matter lo-
cated in the outer accretion disc (see e.g. Dı´az Trigo et al. 2006 for
1 For our analogous Chandra project, the Chandra ACIS Timing Sur-
vey at Brera And Rome astronomical observatories (CATS @ BAR), see
Esposito et al. (2013a,b,c).
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a review), in HMXBs they are probably produced by a transition to
a different accretion regime (see Drave et al. 2013 and references
therein). In Sections 2 and 3, we describe the X-ray observations
used and present the results of our timing and spectral analysis.
Discussion follows in Section 4, where we concentrate on the ori-
gin of a peculiar short off-state observed in IGR J17200–3116 with
XMM–Newton.
2 OBSERVATIONS
2.1 Swift
IGR J17200–3116 was observed by Swift 15 times between 2005
October and 2011 May, for a total net exposure of∼80.8 ks (see Ta-
ble 1). The Swift XRT (Burrows et al. 2005) data were collected in
imaging photon counting (PC) mode, with a CCD readout time of
2.507 s. The data were processed and reduced using standard soft-
ware tools and procedures (HEASOFT v. 6.14 / CALDB 20130313).
The source photons were selected within a 20-pixel radius (1 XRT
pixel ≃ 2.36 arcsec), while the background counts were accumu-
lated from an annular region with radii of 50 and 80 pixels.
2.2 XMM–Newton
XMM–Newton observed IGR J17200–3116 on 2013 September 19
for about 21 ks. The pn CCD camera (Stru¨der et al. 2001) was set
to operate in fast-timing mode (which achieves a time resolution
of 0.03 ms by preserving only one-dimensional positional infor-
mation), while the MOS 1 and MOS 2 CCD cameras (Turner et al.
2001) were run in small-window mode (time resolution: 0.3 s)
and in full-frame mode (time resolution: 2.6 s), respectively. The
data were processed and reduced using the XMM–Newton SAS
v. 13.5 and the CCF-REL-307 calibration release. The observa-
tion was affected by a few soft proton flares. The correspond-
ing periods of high particle background were filtered out of the
data using intensity filters and following the method described in
De Luca & Molendi (2004).
To extract the pn source counts, we used a thin strip (∼10 pix-
els) centred on the source and with the length covering the entire
readout streak. The background spectrum was extracted from two
symmetric 5-pixel-wide strips aside the source. The pn data suf-
fered from the recurrence of instrumental noise bursts, which are
characteristic of the fast-timing mode (Burwitz et al. 2004). These
noise bursts are short (.0.1 s) and have a very distinctive spec-
trum (Burwitz et al. 2004), with a peak around 0.20–0.25 keV, few
counts above 0.3 keV, and essentially no counts above 1.5 keV.
Given this, we preferred not to apply another good time-interval
filter to the pn data to exclude these events, since this would have
severely reduced the counting statistics and degraded the quality
of the pn light curves. Instead, we limited the pn analysis to pho-
tons with energy above 0.5 keV for the timing analysis and above
1.5 keV for the spectral analysis.2
2 In the pn light curves the peaks produced by the noise flares disappear
above ∼0.3–0.4 keV, and we checked that residual spurious counts do not
impact the timing analysis or alter the folded profiles. Indeed, this is not
to be expected, since the noise bursts have typical duration (.0.1 s) much
shorter than the period of IGR J17200–3116 and are aperiodic. For the spec-
tral analysis we adopted a more conservative selection, since residual spu-
rious counts, being concentrated in a narrow energy range, might build up
features in the spectra (especially when integrated over long exposures), and
For the MOS 1, we accumulated the source counts from a cir-
cular region with radius of 40 arcsec. Owing to the small field of
the central CCD (CCD #1) in small-window mode, the background
was estimated from a circular region in CCD #7, at a distance of
about 6.7 arcmin from IGR J17200–3116. The MOS 2 data are af-
fected by pileup. For this reason, we extracted the source photons
from an annulus around IGR J17200–3116, thus excluding the in-
ner (piled-up) point spread function (PSF) core. We used 40 arcsec
for the outer radius and ∼10 arcsec for the inner radius. The latter
value was selected by fitting the PSF with a King function and us-
ing the SAS task EPATPLOT. The background was extracted from a
circular region on the same chip as the source.
3 ANALYSIS AND RESULTS
3.1 Light curves and timing analysis
As already mentioned, the periodic modulation in the X-ray emis-
sion of IGR J17200–3116 was detected during a run of the SA-
TANASS @ BAR project. Taking into account the whole sample
of light curves analysed in the project (∼4000), the peak at about
326.3 s in the Fourier power spectrum (which was computed from
the first two Swift observations, collected in 2005 October 25–26)
was significant at a 3.6σ confidence level. Two harmonics were
present in the power spectrum and the pulsed fraction of the sig-
nal was approximately 30%. After the discovery of the periodicity,
a Swift campaign was carried out to confirm the modulation and
study the source. In Table 2, we report the periods measured in the
Swift data (note that few adjoining observations were combined) by
means of a Z22 analysis, together with the root-mean-square (rms)
pulsed fractions.
The combined EPIC pn and MOS light curves from the 2013
XMM–Newton observation are shown in Fig. 1 in the total (0.5–
10 keV), soft (0.5–4 keV), and hard (0.5–4 keV) bands. The 328-s
modulation is evident even without a folding analysis and the indi-
vidual pulses have very variable amplitude. A dip, marked with the
letter ‘A’, is apparent in the light curve roughly 6 ks after the obser-
vation start [(t−t0) ≈ 6 ks, where t0 is fixed at 2013 September 19
03:41:12.8 (UTC)]. By a Gaussian fit, we estimated its full width
at half-maximum (FWHM) length to be 402±16 s (here and in the
following, uncertainties are at 1σ confidence level).
Two ‘missing pulses’ can be seen in the light curve around (t−
t0) ≈ 8.3 and 14.5 ks (they are marked with the letters ‘B’ and ‘C’
in Fig. 1). A similar feature is also present in the Swift observation
00035088002. While their short duration hinder a detailed analysis,
they might be dips shorter than the ‘A’ one, but of similar origin.
The hardness ratio of IGR J17200–3116 as function of the
time (Fig. 1, bottom panel) shows significant variations during the
observation, as it is common in HMXBs (note that substantial
hardness-ratio variations are observed also across the spin phase,
see below). It is interesting to note that a sudden variation in the
hardness ratio of IGR J17200–3116 occurred in coincidence of the
dip ‘A’. On the other hand, other large variations, such as that ob-
served around (t− t0) ≈ 5 ks, do not find correspondence in clear
lacks of pulsations.
In the EPIC data, we measured a period of P = 327.878 ±
0.024 s in the Z22 periodogram. The folded pulse profile is shown
in Fig. 2 in three energy bands. It is evident that the profile changes
the flares cannot be properly subtracted from a nearby background region,
since they are spatially inhomogeneous in the CCD chip.
c© 2014 RAS, MNRAS 000, 1–8
The X-ray emission of IGR J17200–3116 3
Table 1. Summary of the Swift and XMM–Newton observations used in this work.
Mission / Obs. ID Instrument Date Exposure Net countsa
(ks)
Swift / 00035088001 XRT 2005 Oct 26 6.3 2312 ± 48
Swift / 00035088002 XRT 2005 Oct 27 5.1 1350 ± 37
Swift / 00035088003 XRT 2010 Oct 22–23 10.5 2910 ± 54
Swift / 00035088004 XRT 2010 Oct 24 4.6 1105 ± 33
Swift / 00035088005 XRT 2010 Oct 27 5.3 886± 30
Swift / 00035088006 XRT 2011 Feb 03 10.1 2108 ± 46
Swift / 00035088007 XRT 2011 Feb 05 3.7 771± 28
Swift / 00035088008 XRT 2011 Feb 08 4.6 558± 24
Swift / 00035088009 XRT 2011 Feb 13 3.1 466± 22
Swift / 00035088010 XRT 2011 Feb 15 1.7 202± 14
Swift / 00035088011 XRT 2011 Feb 20 3.8 689± 26
Swift / 00035088012 XRT 2011 Feb 27–28 4.9 941± 31
Swift / 00035088013 XRT 2011 Mar 27–28 6.9 1413 ± 38
Swift / 00035088014 XRT 2011 Apr 28 4.0 639± 25
Swift / 00035088015 XRT 2011 May 16 5.2 534± 23
EPIC-pn 20.0 50600 ± 227
XMM / 0723570201 EPIC-MOS 1 2013 Sep 19 21.8 13085 ± 116
EPIC-MOS 2 21.7 5220 ± 74
a Net source counts considering the source and background extraction regions described
in the text. The counts are in the 0.3–10 keV band for the Swift XRT, in the 0.3–12 keV for
the XMM–Newton MOS cameras, and in the 1.5–12 keV for the XMM–Newton pn camera.
Table 2. Timing results.
Segmenta Periodb rms pulsed fractionb
(s) (%)
2005 Oct 26–27 326.276 ± 0.016 28.3± 0.8
2010 Oct 22–27 328.178 ± 0.005 31.1± 0.7
2011 Feb 03–28 328.1782 ± 0.0009 30.9± 0.7
2011 Mar 27–28 328.16± 0.05 36.6± 1.7
2011 Apr 28 327.65± 0.54 35.0± 2.6
2011 May 16 327.96± 0.28 38.1± 2.5
2013 Sep 19 327.878 ± 0.024 32.9± 0.2
a See Table 1.
b Periods were derived from aZ22 test. Uncertainties were determined from
Monte Carlo simulations.
as a function of energy. The rms pulsed fraction measured in the
total band is 32.9 ± 0.2 %, 29.2 ± 0.3 % in the soft band, and
37.2±0.3 % in the hard band. For completeness, we computed the
rms pulsed fractions also in finer energy bands: 28.8 ± 0.8 % in
0.5–2 keV; 29.7 ± 1.1 % in 2–3 keV; 34.5 ± 1.2 % in 3–4 keV;
36.2± 1.6 % in 4–5 keV; 37.1± 1.7 % in 5–6 keV; 39.5± 2.0 %
in 6–7 keV; 38.7 ± 2.7 % in 7–8 keV; 44.9 ± 3.9 % in 8–9 keV;
and 38.0± 4.0 % in 9–10 keV.
3.1.1 Other recent X-ray observations
As mentioned before, IGR J17200–3116 was observed also
by Chandra between 2007 September 30 and October 01
(obs. ID 7532, exposure time: 4.7 ks; Tomsick et al. 2008). The un-
absorbed flux of IGR J17200–3116 was≈3×10−11 erg cm−2 s−1,
causing significant pile-up in the Chandra ACIS-S instrument,
which was operated in full-frame mode (frametime: 3.2 s). We
searched the source data, considering a 2-arcsec radius region cen-
tred on IGR J17200–3116, for the ∼327 s signal in the 0.3–8 keV
energy band, but no significant pulsations were found (see also
Nichelli et al. 2011). After discarding the piled-up events from the
core of the Chandra PSF, a signal at 327.1 ± 0.4 s could be recov-
ered (with significance of ∼4σ) by a folding analysis carried out
in a ±10 s interval centred at 327 s. Because of the poor counting
statistics (about 200 source photons), the pulsed fraction cannot be
constrained.
In 2003–2004, IGR J17200–3116 was serendipitously ob-
served several times by RXTE in a campaign devoted to the black
hole X-ray transient XTE J1720–318 (see Brocksopp et al. 2005).
In these observations, IGR J17200–3116 was always ∼0.◦5 from
the RXTE pointing direction. A signal around 325 s is detected by a
folding analysis (in the interval 327±10 s) of the data of the longest
observations with the RXTE/PCA, which is a collimated instrument
with a FWHM field of view of about 1◦. For instance, a period of
324.71 ± 0.07 s is observed on 2003 January 15 (obs. ID 70116-
03-02-01, net exposure: 16.6 ks, ∼6σ significance) and a period of
324.38±0.05 s on 2003 February 20 (obs. ID 70123-01-03-07, net
exposure: 9.8 ks, ∼5σ significance). Considering the period vari-
ability observed in the Swift and XMM–Newton data (Table 2), these
signals are likely due to IGR J17200–3116, but the non-imaging na-
ture of the RXTE instruments preclude any definitive conclusions.
3.2 Spectral analysis
3.2.1 Phase-averaged and phase-resolved spectral analysis
For the phase-averaged spectral analysis, we first concentrate on the
high counting statistics XMM–Newton spectra. For the MOS spec-
tra, we considered the energy range 0.3–12 keV, for the pn spectrum
the band 1.5–12 keV (see Section 2.2). We fit to the EPIC spectra a
set of models typically used for accreting pulsars (power law, power
law plus blackbody, and cutoff power law, all modified for the pho-
toelectric absorption). The summary of the spectral fits is given in
Table 3. All models indicate a rather hard spectrum, an observed
1–10 keV flux of ∼2.75 × 10−11 erg cm−2 s−1, and an absorbing
column of (1–3) × 1022 cm−2 (which is higher than the column
c© 2014 RAS, MNRAS 000, 1–8
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Figure 1. Top panel: XMM–Newton EPIC 0.5–10 keV light curve of IGR J17200–3116 (bintime = 50 s). We show only the time interval (∼18.7 ks) with
simultaneous pn, MOS 1, and MOS 2 coverage. The origin of time (t0) is taken at 2013 September 19 03:41:12.8 (UTC). The red line is a sinusoidal fit to the
average pulse profile and includes a Gaussian component to model the ∼400-s-long dip occurred during the observation (marked by arrow ‘A’). The arrows
‘B’ and ‘C’ indicate two other possible shorter dips. The background is negligible (<1% of the total counts). Second panel: EPIC light curve in the soft (S)
band 0.5–4 keV (bintime = 100 s). Third panel: EPIC light curve in the hard (H) band 4–10 keV (bintime = 100 s). Bottom panel: ratio between the hard
(H) and soft (S) counts (errors were propagated by adding in quadrature). The vertical red lines in the last three panels indicate the time intervals used for the
spectral analysis of the dip.
density through the Galaxy along the line of sight,∼5×1021 cm−2
from Kalberla et al. 2005). Apart from the power law, all the mod-
els tested fit reasonably well the XMM–Newton data, but the black-
body plus power-law is the one that provides the best fit. Two vari-
ants of this model are consistent with the data: a relatively cool
blackbody with kT ∼ 0.15 keV plus a power law with Γ ∼ 1.2,
or a hotter blackbody with temperature corresponding to∼1.2 keV
and a harder power with photon index ∼0.8. In the following, we
adopt the latter model (see Fig. 3), which is better consistent with
an HMXB interpretation of IGR J17200–3116 (see Section 4).
As shown in Fig. 2, where the pulse profiles in two energy
bands (0.5–4 and 4–10 keV) and their ratio are displayed, the spec-
trum of IGR J17200–3116 is strongly variable with phase. In par-
ticular, the phase intervals marked with B and D in Fig. 2 show
the hardest X-ray emission, while the phase minimum (interval
C) appears to be significantly softer. The pn and MOS spectra of
the six phase intervals selected with the hardness ratio were ex-
tracted using the same procedure as for the average spectrum and
fit with an absorbed power-law plus blackbody model (the one with
kT ≃ 1.2 keV in Table 3). Forcing all the parameters to assume the
same values for all the spectra, except for an overall normalization
factor, a rather poor fit is obtained (χ2ν = 1.33 for 2016 dof), with
large residuals at low energies. An acceptable fit (χ2ν = 1.07 for
2011 dof) is instead obtained by letting the absorption free to vary
in each spectrum (even though this is not the only possible choice).
The best-fitting NH values (in units of 1022 cm−2 and assuming
the abundances from Wilms, Allen & McCray 2000) for each phase
interval are the following: 1.61 ± 0.09, 3.4 ± 0.2, 1.12 ± 0.08,
2.89 ± 0.12, 1.66 ± 0.09, and 1.16 ± 0.08 for phase A, B, C, D,
E, and F, respectively.
3.2.2 Spectral analysis of the dip
An indication of spectral variability of the source during the main
dip (‘A’) clearly emerges from the hardness ratio curve shown in
Fig. 1. In particular, in the first part of the dip the source hard-
ness reaches its minimum value. To better study this peculiar source
state, we extracted the pn and MOS spectra from the full time in-
terval of the dip (from about t0 + 5660 s to t0 + 6160 s), its first
and second half, and fit them with the best-fitting power law plus
blackbody model (with kT ≃ 1.2 keV, see Table 3), rescaled by a
normalization factor.3
3 We note that a meaningful spectral analysis of the other possible dips
(including the Swift one) is prevented by the very low number of counts.
c© 2014 RAS, MNRAS 000, 1–8
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Figure 2. The first three panels show the XMM–Newton EPIC pulse profile
of IGR J17200–3116 in the total, soft, and hard energy bands (as indicated
in the panels). The total profile is displayed with 32 phase bins, the others
with 20 phase bins. Bottom panel: ratio between the hard (H) and soft (S)
profiles (errors were propagated by adding in quadrature). The red vertical
lines indicate the phase intervals used for the phase-resolved spectroscopy.
Despite the limited counting statistics (202 background-
subtracted counts), the initial spectrum cannot be satisfactorily fit
by this simple model (χ2ν = 3.07 for 7 dof). Acceptable fits
to the initial spectra are instead obtained with a variable absorp-
tion (NH < 1.1 × 1022 cm−2 at 3σ; χ2ν = 1.67 for 6 dof) or
changing the parameters of either the power law (Γ = 2.4+1.7−0.8;
χ2ν = 0.78 for 5 dof) or blackbody component (kT = 0.8 ± 0.1
keV; χ2ν = 0.55 for 5 dof). The 1–10 keV unabsorbed fluxes are
6.0+0.5−0.4 × 10
−12 erg cm−2 s−1 for the fit with free NH, 5.5+0.8−0.5 ×
10−12 erg cm−2 s−1 for the fit with free power-law component,
and 5.3+1.2−1.1 × 10−12 erg cm−2 s−1 in the case of free blackbody
component.
In contrast, the spectrum of the second part of the dip (260
background-subtracted counts) and that extracted from the entire
dip are adequately fit by the model of the phase-averaged spec-
trum with fixed parameters (χ2ν = 0.81 for 9 dof and χ2ν =
1.36 for 23 dof, respectively). The unabsorbed 1–10 keV flux is
(8.18 ± 0.35) × 10−12 erg cm−2 s−1 when averaged along the
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Figure 3. Fit of the XMM–Newton spectra with the power law plus hot
blackbody model. Bottom panel: residuals of the fit in units of standard
deviations with error bars of size one.
whole dip length, and (9.56± 0.61)× 10−12 erg cm−2 s−1 in the
second part of the dip. We also tested the possibility of a com-
plete suppression of the power-law component during the dip by
fitting the corresponding spectrum with an absorbed blackbody
model with NH and temperature fixed at the best-fitting values of
the power law plus (hot) blackbody fit to the average spectrum (Ta-
ble 3). This fit is not acceptable (χ2ν = 1.84 for 23 dof) and shows
systematic residuals at high energies, indicating the presence of a
harder spectral component.
The Swift spectra of the individual observations, collected over
∼6 years (see Table 1), can be all described by a simple power law
modified for the interstellar absorption.4 They show, however, sub-
stantial variability in both flux and spectral shape (see Fig. 4). In or-
der to investigate whether changes in the absorbing column might
account for part of the variations, we performed a simultaneous fit
of the 15 Swift spectra with free NH and normalizations, and the
photon index tied between all the data sets. Indeed, they can be fit
by a simple power law (χ2ν = 0.96 for 763 dof) with photon index
Γ = 1.03 ± 0.03 and NH varying from ∼1.9 to 7 × 1022 cm−2
(see Fig. 5). We note that an almost as good fit is obtained when
the hydrogen column value is tied between all observations and the
other parameters are left free to vary (χ2ν = 1.04 for 763 dof); in
this case, the derived NH is (2.07 ± 0.08) × 1022 cm−2 and the
photon index ranges from ∼0 to 1.2.
4 DISCUSSION
We reported on an in-depth characterization at X-rays of the source
IGR J17200–3116, both from the temporal and the spectral point
of view. Pulsations, originally discovered by our group in Swift
data and reported by Nichelli et al. (2011), have been recovered in
an archival Chandra observation, and clearly observed in the new
4 Although models more complicated than a photoelectrically absorbed
power law are necessary to properly fit the high-counting-statistics XMM–
Newton data, the addition of extra components did not improve the good-
ness of fit significantly for any of the Swift observations. Also considered
that the emission of IGR J17200–3116 is variable, we opted to stick to this
simple model to compare the spectral properties from Swift data set to data
set.
c© 2014 RAS, MNRAS 000, 1–8
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Table 3. XMM–Newton spectral results. Errors are at a 1σ confidence level for a single parameter of interest.
Modela NHb Γ kT / Ecc Efc RBBd Fluxe Unabs. fluxe χ2ν (dof)
(1022 cm−2) (keV) (keV) (km) (10−11 erg cm−2 s−1)
PHABS (PL) 1.85± 0.04 1.08± 0.01 – – – 2.75± 0.02 3.23± 0.02 1.29 (509)
PHABS (CUTOFFPL) 1.51± 0.06 0.67± 0.06 – 13± 2 – 2.74± 0.02 3.10± 0.02 1.19 (508)
PHABS (HIGHECUT * PL) 1.46± 0.05 0.80± 0.04 3.5± 0.2 16+3
−1 – 2.74± 0.02 3.09± 0.02 1.14 (507)
PHABS (BB + PL) 1.31± 0.07 0.81± 0.06 1.18± 0.05 – 0.27 ± 0.03 2.74± 0.02 3.04± 0.02 1.12 (507)
PHABS (BB + PL) 2.84± 0.13 1.22± 0.02 0.15± 0.01 – 88+17
−14 2.74± 0.02 3.95± 0.10 1.12 (507)
a XSPEC models; BB = BBODYRAD, PL = POWERLAW.
b We used the abundances of Wilms, Allen & McCray (2000) and the photoelectric absorption cross-sections from Balucinska-Church & McCammon
(1992).
c Ec: cutoff energy; Ef : e-folding energy.
d The blackbody radius is calculated at infinity and for an arbitrary distance of 5 kpc.
e In the 1–10 keV energy band.
XMM–Newton/EPIC data analysed in detail here, with a periodic-
ity of 327.878 ± 0.024 s. Such a long pulse period is typical of
a neutron star in an HMXB. In fact, an early-type companion is
also indicated by optical studies (Masetti et al. 2006) and by the
precise Chandra position (Tomsick et al. 2008). Both a Be (main
sequence or giant) star and a blue supergiant are viable possibili-
ties for the companion star of IGR J17200–3116. Unfortunately, for
Masetti et al. (2006) it was not possible to derive significant infor-
mation about the optical counterpart (spectral type, absorption and
source distance), since a reliable photometry was missing. From the
Corbet diagram of X-ray-pulsar spin period versus orbital period
(Corbet 1986), the observed pulse period suggests an orbital period
of either ∼3–30 d or ∼100–200 d for an HMXB hosting either a
supergiant donor or a Be, respectively. Strong pulse to pulse varia-
tions (usually produced by fluctuations in the wind accreted by the
neutron star) and a pulse profile energy dependence are evident in
IGR J17200–3116, as it is often observed in accreting pulsars with
massive donors.
The hard XMM–Newton spectrum (power-law photon index
in the range 0.8–1.2) is in line with an HMXB origin for the X-
ray emission. The presence of a soft component is indicated by
the X-ray spectroscopy. The spectrum is well fit by a blackbody
emission together with a hard power law. While both a colder
(kT ∼ 0.15 keV) and a hotter (kT ∼ 1.18 keV) blackbody are
valid deconvolution of the spectrum, we favour the hot solution,
which is consistent in temperature and size (RBB ≈ 0.3 d5 km,
where d5 is the distance in units of 5 kpc) with an HMXB interpre-
tation of the hot blackbody as produced in the polar cap region of
the neutron star accretion column (Becker & Wolff 2007).
The strong variability of the spin-phase-selected spectra
(Fig. 2, bottom panel) can be accounted for by a variable absorbing
column density along the spin cycle, probably mapping a different
density of the local matter illuminated by the X-ray beam pattern.
Significant variations (up to a factor of 4) in the absorbing column
density are also present in the long-term X-ray light curve (Fig. 5).
Variations in the local absorption are usual in HMXBs because the
compact object is constantly embedded in an intense structured and
clumpy wind. Moreover, in a few cases, large-scale structures have
been observed in HMXBs (gas streams) and interpreted as the re-
sult of the disruption of the wind by the neutron star passage, which
produce density perturbations that modulate the observedNH along
the orbital cycle (Blondin et al. 1990; Manousakis & Walter 2011).
We observed a remarkable feature in the EPIC light curve,
a dip or a so-called off-state, characterized by a reduction in the
source intensity down to ∼20–30% of its normal level, and lasting
for about one neutron star spin cycle. Similar features have been
seen so far only in a few HMXB pulsars with supergiant compan-
ions and are potentially important to derive information on the ac-
cretion regime and the neutron star properties: Vela X–1 (orbital
period Porb ≃ 9 d and spin period Pspin ≃ 283 s; Inoue et al.
1984; Kreykenbohm et al. 1999, 2008), 4U 1907+09 (Porb ≃ 8.4 d
and Pspin ≃ 437.5 s; Doroshenko et al. 2012), GX 301–2 (Porb ≃
41.5 d and Pspin ≃ 686 s; Go¨g˘u¨s¸, Kreykenbohm & Belloni 2011),
and in the Supergiant Fast X-ray Transients IGR J16418–4532
(Porb ≃ 3.7 d and Pspin ≃ 1212 s; Drave et al. 2013), and
IGR J17544–2619 (Porb ≃ 4.9 d and candidate Pspin ≃ 71.5 s;
Drave et al. 2014). During these off-states, X-ray pulsations some-
times appear to be suppressed (Kreykenbohm et al. 1999), some-
times are still detected (Doroshenko, Santangelo & Suleimanov
2011), and the X-ray spectrum softens. This implies that these dips
are not caused by the obscuration by a dense wind clump pass-
ing our line of sight to the pulsar, but are due to a real flux drop.
Go¨g˘u¨s¸ et al. (2011) suggested that softer X-rays during these dips
are likely due to the suppression of the harder X-ray emission pro-
duced in the accretion column, leaving visible the soft X-rays com-
ing from the underlying thermal mound at the bottom of the ac-
cretion column (Becker & Wolff 2007). The reason for a suppres-
sion (or cessation) of the hard X-rays produced in the accretion
column is unclear. Aside from temporarily enhanced absorption
along the line of sight, three main explanations for off-states have
been proposed: a temporary transition to a centrifugal inhibition of
the accretion (see e.g. Kreykenbohm et al. 2008 for Vela X–1), a
Kelvin–Helmholtz (KH) instability (Doroshenko et al. 2012), or an
accretion regime change from a Compton cooling regime (produc-
ing a higher luminosity) to a radiative cooling regime (lower lumi-
nosity) in the equatorial plane of the neutron star magnetosphere,
due to a switch from fan beam to pencil beam emission pattern
(Shakura et al. 2013).
Also in IGR J17200–3116, the significantly softer spectrum
during the off-state leads us to exclude the possibility of an obscu-
ration of the central source by a wind structure (or clump), which
would cause instead a spectral hardening. The small duration of the
dip (a little more than a spin cycle) does not allow us to establish
if the remaining fainter emission is pulsating, so a centrifugal bar-
rier temporarily halting accretion, could be a possibility, although
the short duration of the off-state makes it unlikely (Go¨g˘u¨s¸ et al.
2011). In IGR J17200–3116, the spectrum during the dip cannot be
completely accounted for only by an unvarying blackbody emission
c© 2014 RAS, MNRAS 000, 1–8
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Figure 4. Comparison of the Swift spectrum from observation 8003 with
that obtained from the observations 8005, 8009, and 8010, which are very
similar to each other, combined (red triangles). The solid lines show the
best-fitting power-law models (same photon index, but different NH and
normalization). Bottom panel: residuals of the fit in units of standard devi-
ations with error bars of size one.
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Figure 5. Top panels: Swift long-term light curve (the flux is in the 1–10
keV energy range and not corrected for the absorption). Note the time gap
and the different time-scales. Bottom panels: corresponding absorption col-
umn as inferred from the spectral analysis.
(this is ruled out by the marked spectral variability), and significant
(power-law-like) hard X-ray emission is present, suggesting that in
our case accretion is not suppressed in contrast, again, to what is
expected with the onset of a propeller regime.
A transition to accretion via KH instability is discussed by
Doroshenko et al. (2012) as a possible explanation of dips in the
transient source 4U 1907+09, following the theory of wind ac-
cretion in HMXBs surveyed by Bozzo, Falanga & Stella (2008).
In the framework of the different accretion regimes discussed by
Bozzo et al. (2008), the magnetospheric boundary at the Alfve´n ra-
dius, RA, can be KH unstable in two regimes: in the sub-Keplerian
magnetic inhibition regime (where Racc < RA < Rcor, where
Racc is the accretion radius, Rcor is the corotation radius, where
the neutron star angular velocity is equal to the Keplerian angu-
lar velocity), and in the subsonic propeller regime (where RA <
Racc < Rcor). The spin period of ∼328 s implies a corotation
radius, Rcor, of 8 × 109 cm. Thus, in both regimes, Rcor repre-
sents an upper limit to the value of the other two important radii
involved. The relation Racc < Rcor (Racc = 2GM/v2rel , where
M is the neutron star mass, and vrel is the relative velocity of the
neutron star and the companion wind) translates into a lower limit
for vrel of ∼2200 km s−1, which is, on average, quite high in com-
parison with usual HMXBs, but it cannot be excluded, given the
large variability expected in inhomogeneous winds of massive stars
(Oskinova, Feldmeier & Kretschmar 2012).
Adopting equation 21 in Bozzo et al. (2008) for the X-ray
luminosity LKH produced by matter entering the magnetosphere
through KH instability in the subsonic propeller regime, all the
parameters involved in this formula are basically unknown for
IGR J17200–3116, except for the neutron star spin period. How-
ever, we can derive an upper limit to LKH by assuming the fol-
lowing: Racc = RA = Rcor, an orbital period of 5 d (which
is reasonable for an accreting pulsar with a supergiant compan-
ion and the observed spin period; Corbet 1986) and a total mass
for the binary system of 30 M⊙ (implying a10d = 0.63 in equa-
tion 21 in Bozzo et al. 2008), a relative velocity of 2200 km s−1
(v8 = 2.2 in equation 21 in Bozzo et al. 2008), a wind mass-loss
rate of 10−6 M⊙ yr−1, a density ratio ρi/ρe = 1 [where ρi and
ρe are the internal (below RA) and the external densities (above
RA)], and ηKH ∼ 0.1 for the efficiency factor. This translates into
LKH < 1.5 × 10
35 erg s−1, which can easily be accounted for if
one assumes a reasonable distance to the source (see below). Note
that the upper limit to the Alfve´n radius, RA < Rcor, results in
an upper limit to the dipolar magnetic field of B < 1.2 × 1014 G
(µ < 6 × 1031 G cm3; equation 19 in Bozzo et al. 2008). Again,
we caution that all these estimates rely on particular (though rea-
sonable) assumptions on all other parameters involved in the sys-
tem geometry and wind properties. Even larger uncertainties are
involved in the estimate of the KH instability mass accretion rate
across the magnetosphere in the sub-Keplerian magnetic inhibi-
tion regime, where also the shear velocity is involved. Assuming
the same values as above for the parameters in equation 10 in
Bozzo et al. (2008), we derive LKH ∼ 1034 erg s−1.
A third possible explanation for off-states involves the ap-
plication of the Shakura et al. (2012) model of subsonic quasi-
spherical accretion on to moderately low luminosity (<4 ×
1036 erg s−1) and slowly rotating neutron stars. Here, off-states are
explained by transitions to an ineffective accretion regime, rather
than with a cessation of the accretion. In this scenario, an off-state
is the signature of a transition from a regime where the cooling
of the gravitationally captured plasma entering the neutron star
magnetosphere is dominated by Compton processes to a less effi-
cient radiative cooling regime (Shakura, Postnov & Hjalmarsdotter
2013). This transition might be triggered by a change in the X-
ray beam pattern, from a fan beam to a pencil beam, produced by
a reduced optical depth in the accretion flow. Since matter enters
the neutron star magnetosphere more easily from the equatorial
region, a high lateral X-ray luminosity by a fan beam directly il-
luminating the equator, allows a more efficient Compton cooling,
facilitating accretion and thus resulting in a higher luminosity. So,
a transition from a fan to a pencil X-ray beam pattern increases
the Compton cooling time, triggering a lower luminosity state (an
off-state). The transition back to the normal X-ray luminosity can
be triggered by an enhanced density above the magnetosphere, in-
creasing the accretion rate. The transition to an off-state occurs
at an X-ray luminosity of about 3 × 1035µ−3/1030 erg s−1, where
µ30 = µ/[10
30 G cm3] is the neutron star dipole magnetic moment.
The luminosity level in the off-state is about 1035µ7/3330 erg s−1 in
the radiation cooling regime (Shakura et al. 2013).
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The average unabsorbed 1–10 keV flux of IGR J17200–
3116 during the XMM–Newton observation varies, depending on
the adopted model (see Table 3), from ∼3 × 10−11 to ∼4 ×
10−11 erg cm−2 s−1. Nothing is known about the distance of
IGR J17200–3116, which could be anywhere towards the edge of
the Galaxy. At 5 kpc, the former flux translates into a luminosity
of 9× 1034d25 erg s−1, the latter into 1.2× 1035d25 erg s−1 (where
d5 is the distance in units of 5 kpc). Above ≈4× 1036 erg s−1, the
quasi-spherical shell cannot exist and supersonic (Bondi) accretion
is more likely, but this would require a distance d > 28 kpc. This
implies that, for reasonable source distances in the range 5–10 kpc,
the X-ray emission easily matches the X-ray luminosity needed to
trigger the switch to an off-state, assuming a standard neutron star
magnetic field of ∼1012 G.
To conclude, the observed spectral softening during the dip
(which is common in similar off-states observed in other HMXBs)
is more naturally explained by a transition to an ineffective accre-
tion regime, instead of an obscuring dense clump in front of the
X-ray source (which would have implied an hardening). However,
given the unknown distance, the different possibilities for the tran-
sition to an inefficient accretion regime discussed above cannot be
clearly disentangled.
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